10/564574 

lfiP15Rec'mmo 13 JAN 2006 

WO 2005/008859 PCT/PL2004/000053 



A protection system for medium-voltage potential transformers 

The subject of the invention is a protection system for medium- voltage potential 
transformers, finding application in the attenuation of ferroresonant states occurring in at 
5 least one of three potential transformers in a three-phase medium-voltage network. 

For the attenuation of ferroresonant states in electrical equipment, and especially 
in potential transformers, a protecting resistor of a resistance of several dozen ohms is 
typically used. Such a resistor is connected to three auxiliary secondary windings of 

10 three single-phase transformers forming an open delta system. Though this solution 
employs a simple design, it has significant disadvantages. In case of sustained 
unbalance in the supply network, the small resistance value of the protecting resistor, 
which is required for the effectiveness of ferroresonant oscillation attenuation, brings 
about the danger of thermal damage to the transformer or the resistor itself. In practice, 

is attenuating resistors of powers of several hundred watts and of large dimensions are 
used. 

PTC resistors, bimetallic circuit breakers or thermal fuses are commonly used to 
protect electrical equipment against thermal damage caused, for example, by voltage 
overload. 

20 For example, a module protecting a telecommunication system, which consists of 

a PTC thermistor connected in series into the subscriber's line winding and a thyristor 
diode which is connected in parallel between the subscriber's line winding and ground is 
known from a German patent application No. 3621200. If undesired voltage appears in 
the subscriber's line, then current flowing through the thyristor diode heats it up and 

25 consequently the thermistor is heated up as well, because the diode is thermally 



WO 2005/008859 



PCT7PL2004/000053 



2 

connected with the PTC thermistor. As a result, the thermistor resistance increases and 
the voltage overload is reduced. 

The essence of the medium-voltage potential transformer protection system 
5 comprising an attenuating resistor connected into the open delta system of three 
auxiliary secondary windings of three single-phase transformers is that an element 
having a threshold voltage and current characteristic and a thermal fuse are connected 
in series between the attenuating resistor and the output of the auxiliary secondary 
winding of one of the single-phase transformers. 
10 Preferably the thermal fuse has the form of a bimetallic circuit breaker, and the 

element with threshold voltage and current characteristic has the form of two Zener 
diodes push-pull connected with one another. 

As an alternative, the thermal fuse has the form of a PTC resistor, and the 
element with the threshold characteristic has the form of two Zener diodes push-pull 
15 connected with one another. 

Preferably the thermal fuse is a PTC resistor, and the element with the threshold 
characteristic is a varistor. 

As an alternative, the thermal fuse is a bimetallic circuit breaker, and the element 
with the threshold voltage and current characteristic is a varistor. 

20 

The advantage of the inventive system is that it assures the attenuation of 
ferroresonant oscillations while being insensitive to small values of zero-sequence 
voltage, which occur in case of small unbalance in a three-phase network. In case of 
sustained zero-sequence voltage, for instance one generated as a result of an earth 

25 fault of one of the phases, the use of a thermal fuse provides additional protection of the 
transformers and of the elements of the protection system that protects the transformers 
against damage. The use of the thermal protection allows to decrease the thermal 
power of the attenuating resistor compared to earlier solutions. That is why the inventive 
system is efficient and its dimensions are small compared to existing protecting devices. 

30 The subject of the invention is presented in an embodiment in the drawing, where 

fig. 1 shows a system of potential transformers connected to a protecting system, fig. 2 
- the first variant of the protecting system embodiment FDC1, fig. 3 - the second variant 
of the protecting system embodiment FDC2, fig. 4 - the third variant of the protecting 
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system embodiment FDC3, and fig. 5 - the fourth variant of the protecting system 
embodiment FDC4. 

The auxiliary windings of three single-phase potential transformers VT1 , VT2, 
VT3 are connected with one another to form an open delta arrangement. Primary 

5 windings are directly connected with a three-phase network RST and earth. The 
terminals of the secondary windings shi of the individual transformers are the working 
outputs of these transformers. The terminals of the auxiliary secondary windings da and 
dn of the transformers are connected with one another in such way that the terminal da 
of the auxiliary secondary winding of the transformer VT1 is connected with the input of 

10 the protection system FDC, whose output is connected with the terminal dn of the 
auxiliary secondary winding of the third transformer VT3 . and whose terminal da is 
connected with the terminal dn of the auxiliary secondary winding of the second 
transformer VT2. Next, the terminal da of the second transformer VT2 is connected with 
the terminal dn of the first transformer VT1 . During the device operation, between the 

is terminal da of the first transformer VH and the terminal dn of the third transformer VI3 
voltage appears, which is applied to the terminals of the protection system FDC . 

The protecting system FDC comprises branches interconnected in parallel, and 
in the first FDC1 v ariant of the system embodiment, one branch contains: an attenuating 
resistor Rl, two Zener diodes Dl, D2 push-pull connected with one another and a 

20 bimetallic circuit breaker TF1 . interconnected in series. Two push-pull connected Zener 
diodes can be substituted with one bi-directional Zener diode, which is not shown in the 
drawing. The other branch of the system contains a resistor R2. 

In the second FDC2 variant of the system embodiment, one branch contains: 
resistor Rl , two Zener diodes D1.P2 push-pull connected with one another and a PTC 

25 resistor, interconnected in series. The two push-pull connected Zener diodes can be 
substituted with one bi-directional Zener diode, which is not shown in the drawing. The 
other branch of the system contains a resistor R2. 

In the third FDC3 variant of the system embodiment, one branch contains: a 
resistor Rl , a varistor and a PTC resistor, interconnected in series. The other branch 

30 of the system contains a resistor R2. 

In the fourth FDC4 variant of the system embodiment, one branch contains: 
resistor Rl, a varistor and a bimetallic circuit breaker TF1 , interconnected in series. The 
other branch of the system contains a resistor R2. 
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In all variants of the invention embodiment the resistor R2 has a value 
considerably larger than the resistance from the resistor Rl . 

The operation of the inventive system is as follows: 

5 In case of full balance in a three-phase network, the zero-sequence voltage 

has a value = 0 and no current flows through the protection system FDC . 
In case of insignificant unbalance in the three-phase network, voltage has a non-zero 
value, but less than the value of the threshold voltage of the element with a threshold 
voltage and current characteristic. In such case, current of a value of U g /R2 flows 

10 through the protection system FDC. Since the resistance of the resistor R2 has a large 
value (R2»R1). current flowing through the protection system FDC has a small value. 
Therefore, also the thermal power emitted in the protection system FDC is in such case 
insignificant. For example: if R2 has a value of 200 Ohm, then if the value Ug=10V, the 
thermal power emitted in the system FDC has a value of 0.5W. 

15 In the event that a ferroresonant state occurs in the three-phase network, voltage 

Uo has a value exceeding the threshold value of the element with threshold voltage and 
current characteristic. In that case, current flows through the resistor R1 . Due to a small 
value of the resistor Rl a very rapid attenuation of ferroresonant oscillations occurs. 
Since the branch with the resistor Rl works for a short time, thermal energy emitted in 

20 this branch has an insignificant value. Therefore neither the branch elements overheat 
nor the thermal fuse is actuated. 

In the event that a considerable sustained unbalance in a three-phase network 
occurs, which may be caused, for instance, by an earth fault of one of the phase 
conductors, voltage U 0 has also a value bigger than the threshold voltage of the 

25 element with threshold voltage and current characteristic. Therefore a current of high 
intensity flows through the branch with the resistor Rl . However, since such condition 
does not require the action of the attenuating resistor, the thermal fuse in the form of a 
bimetallic fuse or a PTC resistor causes a large increase in the resultant resistance of 
the branch that contains the resistor Rl, or its complete disconnection. Then no current 

30 flows through this branch, or low-intensity current flows through it. When the cause of 
the unbalance disappears and the thermal fuse cools down, the system will reset. 
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Claims 

1. A protecting system for medium-voltage potential transformers, comprising an 
10 attenuating resistor connected into the open delta system of three auxiliary 

secondary windings of three single-phase transformers, characterised in that 
an element with a threshold voltage and current characteristic (I) and a thermal 
fuse (2) are connected in series between an attenuating resistor ( R1 ) and the 
output of the auxiliary secondary winding of one of the single-phase 
15 transformers. 

2. A system according to claim 1, characterised in that the thermal fuse (2) has 
the form of a bimetallic circuit breaker (TF1) . and the element with a threshold 
voltage and current characteristic has the form of two Zener diodes (D1 , D2), 
push-pull connected with one another. 

20 3. A system according to claim 1, characterised in that the thermal fuse (2) has 
the form of a PTC resistor, and the element with a threshold voltage and current 
characteristic has the form of two Zener diodes push-pull connected with one 
another. 

4. A system according to claim 1, characterised in that the thermal fuse (2) is a 
25 PTC resistor, and the element with a threshold voltage and current characteristic 

is a varistor. 

5. A system according to claim 1, characterised in that the thermal fuse (2) is a 
bimetallic circuit breaker ( TF1 ). and the element with a threshold voltage and 
current characteristic is a varistor. 



30 
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